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Cigarette Smoking and Lung Cancer Cell Types 

Alfredo Morabia, MD, PhD,*'t and Ernst L. Wynder, MD* 


The role of tobacco smoke in the development of lung cancer is well known for 
squamous and small cell types, somewhat less so for adenocarcinoma, and not 
specifically assessed for largo cell carcinoma. In the current analysis, based on 851 
men and 507 women with lung cancer and their matched controls (888 men and 608 
women), smoking was associated with each lung cancer cell type, and differences in 
smoking habits by cell types were small. However, the increase of lung cancer risk 
according to number of cigarettes per day was stronger for small cel! and oat cell 
carcinoma than for adenocarcinoma. There was no increase for large cell 
carcinoma. For squamous cell carcinoma, this dose response was weak among men 
and strong among women. The strength of the association between smoking and 
lung cancer cell types may he related to cancer location, with more peripheral lung 
cancer types (such as adenocarcinoma and large cell carcinoma) showing weaker 
associations than more central tumors (such as squamous or small cell and oat cell 
carcinoma). Cancer 68:2074-2078,1991. 


A TRANSITION is taking place in the epidemiology of 
lung cancer. In the United States, the overall mor¬ 
tality of lung cancer will start declining in the 1990s for 
men and after the year 2000 for women as a result of 
lower rates observed among men and women younger 
than 45 years of age.’ However, the proportion of ade¬ 
nocarcinomas and the proportion of women with lung 
cancer are rising. This evolution may be a result of changes 
in types of cigarettes smoked and the additional influence 
of non-tobacco-related factors, such as occupational, hor¬ 
monal, or dietary factors.^-* 

The role of tobacco smoke in the development of lung 
cancer is well known for squamous and small cell types, 
somewhat less so for adenocarcinoma, and not specifically 
assessed for large cell carcinoma. In Kreyberg’s^'* theory, 
adenocarcinoma and bronchioloalveolar carcinoma were 
not tobacco related. This theory received empiric support 
from studies based on small numbers of adenocarcinoma 
cases.’’^ However, most studies report a greater risk of 
adenocarcinoma among smokers than nonsmokers, the 
dose-response gradient being either similar*-"’''^ or 
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weaker than that for squamous or small cell or oat cell 
carcinoma.Because previous studies on smoking and 
cancer of the lung rarely contained detailed information 
on cell types and often lacked a formal control group, we 
conducted a case-control study to determine whether the 
effect of tobacco smoke on lung cancer diflfered by cell 
type. 

Materials and Methods 

We studied 851 men and 507 women with lung cancer 
and their matched controls (888 men and 608 women) 
after exclusion of six men and 13 women with with mixed 
cell or nondifferentiated cell lung cancer. All patients were 
interviewed between 1985 and May 1990 in nine hospitals 
in New York, Michigan, and Pennsylvania as part of the 
American Health Foundation case-control study of to¬ 
bacco-related diseases. 

The design of this study was described elsewhere.’^ 
Briefly, in the participating hospitals, we try to interview 
all incident cases of tobacco-related cancers (lung, upper 
respiratory and upper digestive tracts, kidney, bladder, 
liver, and pancreas) or myocardial infarction. For each 
case, we interview at least one control matched to the case 
by age (± 5 years), hospital, and date of admission (± 2 
months). During the hospital stay, trained interviewers 
collect detailed information on smoking from all study 
participants and abstract lung cancer cell types from pa¬ 
thology reports. 

We separated the cell types into squamous and epider¬ 
moid, small cell and oat cell, large cell, and adenocarci- 



Source: https://www.industrydocuments.ucsf.edu/docs/ngkk0000 


206.3630981 




























No. 9 


Cigarette Smoking and Lung CA Types ■ Morabia and Wynder 


2075 


noma. We excluded bronchioloalveolar carcinoma (BAC) 
because of the small number of cases. In Figure 1, the 
proportion of never smoked among BAC patients was 
taken from a manuscript in preparation that analyzed all 
cases of BAC recruited to the American Health Foun¬ 
dation Study between 1977 and May 1990. 

We assessed the exposure to tobacco smoke as the cur¬ 
rent number of cigarettes per day, cumulated number of 
cigarettes ever smoked, cumulated years of smoking, and 
average number of cigarettes per day. Intensity-related 
factors were coded as follows: inhale deeply versus mod¬ 
erately, slightly, or not at all; have first cigarette within 
15 minutes after awakening versus more than 15 minutes; 
smoke only filter cigarettes verstis nonfilter or mixed; 
smoke the whole cigarette versus less than 75% of it. 

We adjusted multivariate odds ratios for age at diag¬ 
nosis, race, and hospital of admission, i.e., the matching 
factors, and used analysis of variance to compute adjusted 
means or proportions and to test for heterogeneity be¬ 
tween means. Adjusted relative odds and their confidence 
intervals were computed using logistic regression. The 
analyses were done with standard statistical software.'^ 

Results 

Compared with controls, male patients were less often 
Jewish and a larger proportion of all male and female 
patients had less than 13 years of education (Tables 1 and 
2). For both sexes small cell and oat cell and adenocar¬ 
cinoma appeared in a larger proportion of blacks. 


The adjusted proportion of never smoked increased 
progressively in both men and women from small cell 
and oat cell, to squamous cell, large cell, adenocarcinoma, 
and BAC (Fig. I). The trend was clearer in women. The 
controls had a larger proportion of never smoked than 
any of the cell types. In each category, women more often 
never smoked than men. 

We compared adjusted means of smoking-related vari¬ 
ables, first including the four cell types and the controls 
and then excluding controls. For the analyses of current 
smokers including controls (Tables 3 and 4), we found 
statistically significant differences for ail variables for both 
men and women, except for smoking only filter cigarettes 
among women. However, after excluding controls from 
these analyses, an analysis of variance F test remained 
statistically significant for only three variables among men 
(Table 3): (1) the cumulated years of smoking were some¬ 
what lower (40.1 years) and (2) the age when started 
smoking slightly older (17,5 years) for small cell and oat 
cell cases compared with the other cell types; and (3) the 
average number of cigarettes per day was slightly lower 
for adenocarcinoma (27.4). In contrast, there was no dif¬ 
ference by cell type of depth of inhalation, timing of the 
first cigarette of the day, proportion of the cigarette 
smoked, or choice of filter cigarettes. Also, smoking-re¬ 
lated characteristics did not differ by cell type among cur¬ 
rent smokers who were women, but the statistical power 
was low because of small sample sizes (Table 4). 

Among both male and female ex-smokers (not shown 


Fig. 1. Proportion of never 
smoked by sex and cell types, ad¬ 
justed for age at diagnosis, race, and 
state. The sample sizes for controls, 
small/oat ceil, squamous cell, large 
cell, adenocarcinoma, and bron¬ 
chioloalveolar carcinoma (BAC) are, 
for men, 8S8, 111, 305.97, 338, and 
61, respectively, and for women, 
608. 73. 117, 59, 258, and 48. re¬ 
spectively. 
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Table l. Selected Demographic Characteristics ofMale Lung Cancers and Controls by Cell Types: US Hospital Patients, 1985-1990 

Lung cancerccil types 


Squamous 


Small/oat 


Adenocarcinoma 


Men 

No. of 
patients 

% 

No. of 
patients 

% 

No. of 
patients 

% 

No. of 
patients 

% 

No. of 
patients 

% 


Married 

244 

80.0 

84 

75.7 

83 

85.6 

284 

84.0 

736 

82.9 


Black 

32 

10.5 

16 

14.4 

9 

9.3 

50 

14.8 

95 

10.7 


Protestant 

92 

30-2 

42 

37.8 

30 

30.9 

110 

32.5 

270 

30,4 


Catholic 

171 

56.1 

55 

50.0 

50 

51.6 

178 

52.7 

416 

46.9 


Jewish 

Years of education 

35 

11.5 

9 

8.1 

14 

14.4 

44 

13.0 

181 

20.4 


£ 11 

80 

26.2 

23 

20.7 

28 

28.9 

94 

27.8 

158 

17.8 


12 

108 

35.4 

42 

37.8 

28 

28.9 

82 

24.3 

228 

25.7 


13-15 

47 

15.4 

22 

19.8 

15 

15.5 

74 

21.9 

173 

19.5 


16+ 

70 

23,0 

24 

21.6 

26 

26.8 

88 

26.0 

329 

37.1 



in table), all cell types started smoking at a similar age 
(approximately 17 years for men and 18 years for women), 
but small cell and oat cell cases stopped smoking at an 
older age (men, 53 years; women, 54 years) and were more 
exposed to tobacco smoke with respect to duration (35.4 
years) and absolute amount (437,000 cigarettes) compared 
with the three other cell types. Male ex-smokers with small 
cell and oat cell carcinoma reported smoking their first 
cigarette of the day within 15 minutes after awakening 
more frequently (72%) than patients with other cell types. 
Female ex-smokers with adenocarcinoma had smoked 
filter cigarettes on average for a shorter period (17 years) 
than patients with other cell types. 

Table 5 includes only those who ever smoked. For all 
cell types except large cell, the relative odds of lung cancer 
increased with an increasing number of cigarettes per day; 
the relative odds and the trend were stronger among cur¬ 
rent smokers than ex-smokers. In men, the dose response 
was strong for small cell and oat cell carcinoma, less so 
for squamous cell and adenocarcinoma, and absent for 
large cell carcinoma. In women, the dose response was 


strong for squamous and small cell and oat cell, less so 
for adenocarcinoma, and not linear for large cell. 

Discussion 

We found, as expected, that lung cancer cases smoke 
more than controls, regardless of the cell type of the car¬ 
cinoma. This is illustrated by the strikingly smaller pro¬ 
portion of never smoked among cases of any type than 
among controls (Fig. 1). We also discovered that, on av¬ 
erage, differences in smoking behavior between cell types 
were small and not systematic in amount (cumulated years 
of cigarette smoking, cumulative number of cigarette, and 
lifetime average number of cigarettes per day) or intensity 
(depth of inhalation, timing of the first morning cigarette, 
and choice of filter cigarette). In a Western European case- 
control study, it also was found that intensity-related 
measures of smoking did not differ systematically by cell 
type.’'* Nonetheless, we noticed that the gradient in lung 
cancer risk was related to the number of cigarettes per 
day and differed by cell types. The linear dose response 


Table 2. Selected Demographic Characteristics of Female Lung Cancers and Controls by Cell Types; US Hospital Patients, 1985-1990 

Lung cancer cell types 


Squamous 


Small/oat 


Adenocarcinoina 


Controls 


Women 

No. of 
patients 

% 

No. of 
patients 

% 

No. of 
patients 

% 

No. of 
patients 

% 

No. of 
patients 


Married 

74 

63.2 

38 

52.1 

30 

50.9 

155 

60.1 

382 

62.8 

Black 

7 

6.0 

8 

11.0 

5 

8.5 

33 

12.8 

50 

8.2 

Protestant 

41 

35.0 

22 

30.1 

20 

33.9 

72 

27.9 

176 

29.0 

Catholic 

ii 

*+0. t 



-*r. 

n ' 

P? 

49,2 

292 

48.0 

Jewish 

Years of education 

18 

15.3 

7 

9.6 

12 

20.3 ' 

57 

22.1 

128 

21.i 

s 11 

19 

16.2 

23 

31.5 

12 

20.3 

45 

17.4 

105 

17.3 

12 

62 

53.0 

27 

37.0 

23 

39.0 

127 

49.2 

247 

40.6 

13-15 

16 

13.7 

12 

16,4 

U 

18.6 

47 

18.2 

129 

21.2 

16+ 

20 

17.1 

11 

15.1 

13 

22.0 

39 

IS.l 

127 

20.9 
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Table 3. Adjusted Averages* of Smoking-Related Characteristics Among Current Cigarette Smokers by Lung Cancer Cell Types: 

US Male Hospital Patients, 1985-1990 

Lung cancer cell types F test 


Characteristic among men 

Squamous 
(n = 157) 

Small/oat 
(n = 68) 

Large 
(n = 5l) 

Adenocarcinoma 
(n = 170) 

Controls 
(n = 220) 

Overall 

Between cell 
types 

Cumulated years of smoking 
Cumulative number of 

42.7 

40.1 

42.1 

42.1 

39.5 

8.9t 

3.4t 

cigarettes (XIOOO) 

Average number of cigarettes/ 

477 

450 

475 

424 

347 

12.2t 

2.2 

day 

31.2 

30.7 

31-4 

27.4 

23.5 

11.3t 

2.81: 

Age start smoking 

16.0 

17.5 

15.4 

16.6 

18.0 

7,2t 

3.9t 

Inhale deeply (%) 

First cigarette 15 minutes or less 

45.9 

38.9 

38-7 

40.5 

28.8 

3.24jt 

0,6 

after wake up {%) 

63,6 

56.3 

65.0 

54.2 

44.4 

4.2r 

1.4 

Only filter cigarettes (%) 

7.4 

14.1 

6.8 

13.0 

16.7 

2.5j: 

1.6 


* Adjusted for age at diagnosis, state, and race. 
tP<0.0t. 


%P< 0.05. 


was strong for small cell and oat cell carcinoma, less strong 
for adenocarcinoma, and absent for large cell carcinoma 
in both sexes. For squamous cell carcinoma, this dose 
response was stronger in women than in men. 

The weaker dose response for adenocarcinoma com- 
: pared with squamous or small cell or oat cell carcinoma 
!; was consistent with other reported findings.The rel- 
5 ative odds of adenocarcinoma reported by others’^ were 
I.O (0 to 18 pack-years), 1.3 (18 to 56 pack-years), and 
1.5 (> 56 pack-years). The relative odds of adenocarci¬ 
noma with years of smoking were, in another study,1.0 
I (< 30 years), 0.7 (31 to 40 years), 1.9 (41 to 50 years), 
I and 1.4 (s; 51 years). Using light smokers (one to nine 

1 cigarettes per day) as a reference group, others found a 
clear gradient for adenocarcinoma with the number of 
cigarettes per day in men but not in women.'"* Failure to 
observe a dose response with smoking for large cell car- 
i cinoma in both sexes was puzzling, but consistent with 
I reported findings.^'"* The latter group'® found the same 
I incidence of lung cancer among smokers of ten to 19 and 
('20+ cigarettes per day in their 10-year follow-up study. 


Thus, despite comparable smoking habits, the strength 
of association with tobacco smoke seemed to differ by cell 
type. The explanation of this may lie in the lower exposure 
to tobacco smoke particles to sites that are more peripheral 
in the respiratory tract. Squamous and small cell and oat 
cell carcinoma occur mainly in large central bronchi; ad¬ 
enocarcinoma chiefly are located peripherally; and large 
cell carcinoma tend to be peripheral and subpleural.*^''® 
Others also stressed the importance of anatomy in the 
genesis of lung cancer.^ 

However, in addition to the small number of large cell 
carcinoma cases in our study, pathologic diagnosis of this 
ceil type is not accurate. According to Yesner,^' large cell 
carcinoma is a transitional stage between small cel! and 
adenocarcinoma or squamous cell carcinoma. It is a di¬ 
agnosis of exclusion applied to a tumor with atypical his¬ 
tologic findings that is often impossible to distinguish from 
poorly differentiated small cell or oat cell, squamous cell, 
or adenocarcinoma if the tissue fragments are small.'’ 
Large cell carcinoma is, therefore, a wastebasket cate¬ 
gory.'^ Others found that interobserver agreement was 


Table 4. Adjusted Averages* of Smoking-Related Characteristics Among Current Cigarette Smokers by Lung Cancer Cell Types: 

US Female Hospital Patients, 1985-1990 

Lung cancer cell types F test 



Squamous 
\ij - <3/ 

Small/oat 

\ii - j\j} 

Large 

Adenocarcinoma 

in = ID,); 

Controls 

in = i,JUj 

Uverall 

Between cell 
types 

K Cumulated years of smoking 
^Cumulative number of cigarettes 

39.8 

40.8 

39.9 

40.2 

35.8 

11.4t 

0,5 

pt- (XIOOO) 

343 

377 

327 

350 

260 

7.8t 

0.9 

^Average number of cigarettes/day 

24.1 

25.5 

22.3 

23.6 

18.8 

6.4t 

0.8 

Bf/Age start smoking 

19.1 

18.4 

18.6 

18.4 

21.5 

8.2t 

0.5 

to^Inhale deeply (%) 

BSRtst cigarette 15 minutes or less 

28.2 

36.4 

25.2 

31.0 

16.3 

2.St 

0,5 

after wake up (%) 

57.3 

55.2 

53.0 

53.9 

31.5 

5.3t 

0.1 

H^ily filter cigarettes (%) 

29.1 

22.9 

26.7 

27.9 

■ 38.3 

1.9 

0.4 


Adjusted for age at diagnosis, state, and race. 
tP<0.0l, 


i F < 0.05. 
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Tadle 5. Adjusted* Relative Odds of Lung Cancer with Cigarette Smoking by Sex and Cell Types; US Hospital Patients, 1985-1990 


Sex 

Smoking 

status 

No, of 




Lung cancer cell types 



Squamous 

Small/oat 


Large 

Adenocarcinoma 

cigarettes/ 

day 

Cases 

RO (95% Cl) 

Cases 

RO (95% Cl) 

Cases 

RO (95% Cl) 

Cases 

o 

n 

Male 

Current 

1-19 

18 

1.0 (referent) 

3 

i .0 (referent) 

9 

1.0 (referent) 

23 

1.0 (referent) 


smoker 

20-29 

39 

1.6 (0.9-2.9) 

25 

6.0(1.7-20.4) 

13 

1.1 {0.5-2.7) 

48 

1.7 (1.0-3.1) 



30-f 

100 

2.3 (1.3-3.9) 

40 

5.5(1.6-18.2) 

29 

I.O(0.5-2.3) 

99 

1.9 (1.1-3.2) 


Quit 

1-19 

16 

0.6 (0.3-1.2) 

5 

1.3 10.3-5.6) 

5 

0.4 (0.1-1.3) 

19 

0.6 (0.3-1.2) 



20-h 

127 

1.4 (0.8-2.4) 

36 

2.6 (0.8-8.8) 

36 

0.8 (0.4-1.7) 

127 

1.3 (0.8-2.1) 

Female 

Current 

J-19 

10 

1,0 (referent) 

6 

1.0 (referent) 

6 

1.0 (referent) 

31 

1.0 (referent) 


smoker 

20-29 

21 

1.5 (0.7-3.3) 

16 

1.8 (0.7-4.9) 

17 

1.9 (0.7-4.9) 

66 

1.3 (0.8-2.2) 



30-6 

42 

2.7(1.3-5.7) 

28 

3.2 (1.2-8.1) 

17 

14(0.5-3.8) 

66 

1.5 (0.9-2.6} 


Quit 

1-19 

4 

0.4(0.1-1.2) 

3 

0.5 (0.1~2.0) 

5 

0.9 (0,3-3.1) 

21 

0.7 (0.4-1.3) 



20+ 

35 

2.0(1.0^.3) 

18 

1.8 (0.7-4.9) 

9 

0.8 (0.3-2.4) 

49 

0.9 (0.5-1.5) 


RO; relative odds; Cl; confidence interval. 


* Adjusted simuitaneously for age, race, and state. 


more than 75% for small cell or oat cell, squamous, or 
adenocarcinoma but only 40% for large cel! carcinoma.^^ 
The absence of dose response may be a result of overdi- 
agnosis of large cell type in the one to 19 cigarettes-per- 
day smokers or to underdiagnosis of large cells in heavier 
smokers, especially among men. Thus, although plausible, 
our findings need to be replicated by other researchers. 

Although our data do not show that patients with ad¬ 
enocarcinoma smoke filtered cigarettes more frequently 
than do those with other cell types, the increasing prev¬ 
alence of adenocarcinoma reported^"^ may still be related 
to the overall tendency of smokers to prefer filtered cig- 
arettes.“ Smokers of filtered cigarettes inhale smaller par¬ 
ticles that reach deeper airways and may be influencing 
the genesis of more peripheral tumors.^®’*'^ Besides oc-. 
cupational exposures, hormonal factors, adiposity, and 
dietary factors also may be responsible for this epidemi¬ 
ologic transition.^^ The latter factors have received too 
little attention in the literature. 

In conclusion, the strength of the association between 
smoking and lung cancer cell types seems to be related to 
tumor location. More peripheral cancer types, such as 
adenocarcinoma and large cell carcinoma, show weaker 
associations than more central tumors, such as squamous 
or small cell or oat cell carcinoma. 
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